Abstract: In this study, alcoholysis of phosphatidylcholine (PC) catalyzed by two lipases (Novozym 435 and Lipozyme RM IM) was performed in n-hexane to evaluate the effects of mono-, di-, and trihydric alcohols (ethanol, 1-butanol, 1,2-ethanediol, 1,2-propanediol, and glycerol) on the alcoholysis reactions. In the reactions, as PC was converted into lysophosphatidylcholine (LPC), LPC was simultaneously alcoholyzed and converted into glycerophosphorylcholine (GPC). The alcohols affected the alcoholysis of both PC and LPC. When alcoholysis was catalyzed by Novozym 435, the reaction efficiencies of the selected alcohols in the alcoholysis of PC followed the order 1,2-propanediol « ethylene glycol> 1-butanol > ethanol > glycerol, and the reaction efficiencies of these alcohols in the alcoholysis of LPC were 1,2-propanediol > ethylene glycol> 1-butanol « glycerol > ethanol. For alcoholysis catalyzed by Lipozyme RM IM, the reaction efficiencies of alcohols in alcoholysis of PC followed the order ethylene glycol « 1,2-propanediol > glycerol > ethanol > 1-butanol, and the reaction efficiencies in the alcoholysis of LPC were ethylene glycol > glycerol > 1,2-propanediol > ethanol > 1-butanol. In general, in the lipase-catalyzed alcoholysis of PC, reaction efficiencies with dihydric alcohols are higher than those with mono-and trihydric alcohols.
Introduction
As surfactants and solubilizing agents, lysophospholipids (lyso-PLs) are used in foods, pharmaceuticals, cosmetics, personal care products, and agrochemicals [1] . Lyso-PLs can be produced through enzymatic hydrolysis of phospholipids (PLs) and water [2] [3] [4] [5] [6] [7] [8] , the alcoholysis of PLs and alcohols catalyzed by lipases [2] [3] [9] [10] [11] , and esterification of glycerophosphatidyl derivatives with free fatty acids [2] [3] [12] [13] [14] .
Preparation of lyso-PLs via alcoholysis of PLs catalyzed by lipase is an attractive method for producing lyso-PLs with low acid values compared to those obtained via hydrolysis of PLs; alcohols include glycerol, methanol, ethanol, butanol, octanol, decanol, dodecanol, n-tetradecanol, cetanol, and octadecanol [9] [10] [11] .
Alcoholysis of PLs with Lipozyme IM-60 (the immobilized lipase of Mucor miehei) has been performed, and Lipozyme IM-60 displayed significant activity in ethanol, 2-propanol, and 1-butanol [9] . Humicola lanuginosa lipase (HLL) also catalyzed the alcoholysis of PLs in octanol, but its activity dropped significantly as the alcohol chain length decreased [9] . When Lipozyme IM-20 (the immobilized lipase of Mucor miehei) was used to catalyze the alcoholysis of PLs with C 4 -C 18 alcohols (octanol, decanol, dodecanol, n-tetradecanol, cetanol, and octadecanol), it showed little selectivity with respect to fatty alcohol chain lengths [10] . In our previous study, Novozym 435, Lipozyme RM IM, and Lipozyme TL IM displayed significant activities in ethanol, and the catalytic efficiencies of three lipases were in the order of Novozym 435 > Lipozyme TL IM > Lipozyme RM IM; furthermore, their catalytic efficiencies in hexane were better than those in solvent-free media [11] . Most research has focused on the process of enzymatic alcoholysis of PLs and the effect of alcohol chain length on these reactions. However, the effects of mono-, di-, and trihydric alcohols on the lipase-catalyzed alcoholysis of PLs have not been reported. In this work, the effects of mono-, di-, and trihydric alcohols on the lipase-catalyzed alcoholysis of PC were evaluated in n-hexane. The reaction efficiencies of monohydric, dihydric, and trihydric alcohols in the alcoholysis of PC catalyzed by lipase were also compared.
Mateials and Methods

Materials
Novozym 435 (from Candida antarctica, immobilized on a macroporous acrylic resin) and Lipozyme RM IM (from Rhizomucor miehei, immobilized on a macroporous anion-exchange resin) were purchased from Novozymes China (Beijing, China). Standard PC (> 99%), L-α-lyso-PC (> 99%), and glycerophosphorylcholine (GPC, > 99%) were purchased from Sigma-Aldrich. High-purity PC ( > 97%) was purchased from Tianfeng Biological Engineering and Technology Co. Ltd. (Shengyang, China); the fatty acid composition (mol%) was 13.19% palmitic, 3.86% stearic, 11.23% oleic, 64.56% linoleic, and 7.16% linolenic acids, and the average molecular weight was 794.0. Ethanol (> 99%), 1-butanol (> 99%), ethylene glycol (> 99%), 1,2-propanediol (> 99%), glycerol (> 99%), and solvents (chloroform, methanol and hexane) were purchased from Tianjin Kermel Chemical Reagent corporation (Tianjin, China). The solvents used in alcoholysis and TLC-FID analyses were high performance liquid chromatography (HPLC)-grade. All other reagents were of analytical grade and purified before use.
Lipase Catalyzed Alcoholysis of PC in Hexane
3.0 g PC, alcohol (PC/alcohol (based on hydroxyl group) (mol:mol) 1:1 for Novozym 435, 1:2 for Lipozyme RM IM) and n-hexane (10:1 n-hexane/PC (V:M)) were placed in a suitable round-bottom flask and stirred by a magnetic stirrer at 300 r/min and (55 ± 1)˝C (in a water bath). Reactions were started by the addition of 0.2 g lipase after PC was dissolved in the mixture completely. Samples were taken periodically and assayed to determine the composition of the product by thin layer chromatography coupled with a flame ionization detector (TLC-FID), using external standards.
Analysis of Product Mixture by TLC-FID
The product mixtures were determined according to methods in our previous report [11] .
The samples were diluted with chloroform and the diluted samples (1 µL) were spotted to Chromarod SIIIs (Al 2 O 3 stationary phases) (Iatron Laboratories Inc., Tokyo, Japan) and developed with a mixture of chloroform:methanol:water (42:22:3 V:V:V). After development, chromarods were dried at 120˝C for 5 min, and the compositions of products were analyzed by TLC-FID (Iatroscan MK6s, Iatron Laboratories Inc., Tokyo, Japan), scanned at a rate of 30 s/rod. Flow rates of air and hydrogen were 2 L/min and 160 mL/min, respectively. Peaks were identified by external standards.
Conversion of LPC = (mass of LPC in the product/theoretical mass of LPC based on original PC)ˆ100%
Conversion of GPC = (mass of GPC in the product/theoretical mass of GPC based on original PC)ˆ100%
Statistical Analysis
Experiments were performed in triplicate and data was expressed as means ± standard deviation.
Results and Discussion
Alcoholysis Reaction of PC Catalyzed by Lipase
In our previous research, during the ethanolysis of PC, both LPC and GPC were identified, indicating the conversion of PC to LPC and of LPC to GPC [11] . In this research, LPC and GPC were also determined during alcoholysis reactions of PC and alcohols catalyzed by lipases (Fig. 1) , which indicated that some LPC was converted into GPC when PC was transformed into LPC in this process (Fig. 2 ).
Alcoholysis of PC Catalyzed by Novozym 435
LPC conversions during the alcoholysis of PC with five selected alcohols catalyzed by Novozym 435 are shown in Fig. 3 . For alcoholysis of PC and dihydric alcohols (1,2-propanediol and 1,2-ethanediol), the LPC conversions increased up to 6 h, reaching 82.5% and 83.2% for 1,2-propanediol and 1,2-ethanediol, respectively. With further increases in time, the LPC conversions decreased quickly. For alcoholysis of PC and 1-butanol, LPC conversion increased quickly between 0 and 12 h, reached the highest value of 89.8% at 14 h, and decreased slowly after 16 h. For the alcoholysis of PC and ethanol, the LPC conversion increased gradually, reaching the maximum value of 84.3% at 24 h. For glycerolysis of PC, LPC conversion increased gradually up to 12 h, then increased at a slower rate, reaching 57.8% at 24 h. These results indicated that the reaction efficiencies of these alcohols followed the order 1,2-propanediol « ethylene glycol> 1-butanol > ethanol > glycerol in the alcoholysis of PC catalyzed by Novozym 435.
GPC conversions during the alcoholysis of PC with the five alcohols catalyzed by Novozym 435 are shown in Fig. 4 . For the alcoholysis of PC and dihydric alcohols (1,2-propanediol and 1,2-ethanediol), the GPC conversions increased over time, and at 24 h reached about 40.6% and 28.4% for 1,2-propanediol and 1,2-ethanediol, respectively. For the alcoholysis of PC with 1-butanol, glycerol, and ethanol, GPC conversions increased slowly over time, reaching about 11.5%, 9.6%, and 6.6% at 24 h for 1-butanol, glycerol, and ethanol, respectively. The data of LPC and GPC conversions during alcoholysis of PC catalyzed by Novozym 435 indicated that the reaction efficiencies of alcohols in the alcoholysis of LPC followed the order 1,2-propanediol > ethylene glycol> 1-butanol « glycerol > ethanol.
Alcoholysis of PC Catalyzed by Lipozyme RM IM
For the alcoholysis of PC with the five alcohols, catalyzed by Lipozyme RM IM, LPC conversions are shown in Fig. 5 . For the alcoholysis of PC and dihydric alcohols (ethylene glycoland 1,2-propanediol), LPC conversions increased from 0 to 24 h, reached about 60% at 24 h, and then increased slowly to about 65% by 48 h. For glycerolysis of PC, LPC conversion increased quickly up to 24 h, reached 55.2% at 32 h, and then decreased to 50.5% by 48 h. For the ethanolysis of PC, LPC conversion increased rapidly from 0 to 24 h and increased slowly after 24 h, reaching about 47.4% at 48 h. For the alcoholysis of PC and 1-butanol, the LPC conversion increased slowly, reaching about 22.6% at 48 h. These results indicated that the reaction efficiencies of these alcohols followed the order ethylene glycol « 1,2-propanediol > glycerol > ethanol > 1-butanol in the alcoholysis of PC catalyzed by Lipozyme RM IM.
GPC conversions during the alcoholysis of PC with the five alcohols catalyzed by Lipozyme RM IM are shown in Fig. 6 . For the alcoholysis of PC and 1,2-ethanediol, glycerol, and 1,2-propanediol, GPC conversions increased slowly over time, reaching about 12.9%, 10.7%, and 8.8% at 48 h for 1,2-ethanediol, glycerol and 1,2-propanediol, respectively. For the alcoholysis of PC with ethanol and 1-butanol, GPC conversions increased very slowly over time, reaching 5.0% and 2.5% at 48 h for ethanol and butanol, respectively. The data of LPC and GPC conversions during alcoholysis of PC catalyzed by Lipozyme RM IM indicated that the reaction efficiencies of these alcohols in the alcoholysis of LPC followed the order ethylene glycol > glycerol > 1,2-propanediol > ethanol > 1-butanol. In the lipase-catalyzed alcoholysis of PC, the reaction efficiencies of dihydric alcohols are better than those of monoand trihydric alcohols. For the alcoholysis reaction between PC and alcohols, the major products are LPC, fatty acid esters (such as fatty acid ethyl esters, fatty acid butyl esters, monoacyl esters of ethanediol and propanediol, monoacylpropanediol, and monoacylglycerol), and the minor products are GPC and free fatty acids. Fatty acid ethyl and butyl esters are lipophilic, however, the fatty acid monoesters of ethanediol, propanediol, and glycerol are amphipathic. The alcoholysis of PC and alcohols occurs at the interface of lipase and the reactant mixture (hexane, PC, and alcohols). The performance of alcohols might be affected by fatty acid esters produced during the reaction; monoacylethanediol, monoacylpropanediol, and monoacylglycerol could decrease interfacial tension and might improve the alcoholysis efficiency. Novozym 435 and Lipozyme RM IM used in this study are immobilized lipases; the carrier of these lipases might also affect the performance of alcohols.
